Effec ts of th e daily variati on of th e ionos ph e re on th e aue nuation of hydro magn e ti c wav es are examin e d. Th e ionosphere ju s t be fore sunri se is almos t tran s pare nt to th e extraordinary compone nt of th e waves of fre qu en c ies betwee n 10-3 and 10 2 c/s, but beco mes fairly opaque during daylight hours. An inte nse ionization in the E region, name ly, th e s poradic E, can heavi ly atLe nuat e th e wa ves of frequ e nci es above 1O-2 c/s . It is conclude d that the daily, latitudinal, and seasonal variations of th e ionos phere mu s t carefu ll y be tak e n into account in ord e r to e xamin e c harac te ri s ti cs of th e so urce of geomagne ti c mi c ropulsation s.
Introduction
The propagation of hydromagne tic waves in an infinitely conductive fluid was studi ed first by Alfv en [1950] . It was the n demonstrated by Astrom [1950] ; Schluter [1952] ; Dungey [1954a] ; F e rraro [1955] , and others that hydromagnetic waves can propagate in a fully ionized gas, provided that frequencies of the wave are well below the gyrofrequency of positive ions. Hines [1953] was the first who examined the prop· agation of hydromagnetic waves in a gas of incomplete ionization. He !showed that the problem can be treated as an exte nsion of the well·known magne to· ionic theory to a ve ry.low.frequency range such that motions of positive ions and e ven neutral particles must be taken into account. In the magneto·ionic theory, only electrons respond to electromagnetic waves in an immobile background, namely the posi· tive ions and neutral particles. These theoretical studies led Dungey [1954b, c] to suggest t~at some of the geomagnetic micropulsations are of hydro mag· netic origin. A large number of works have then been devoted to understand the nature and origin of geomagnetic micropulsations in terms of hydro mag· netic waves. Figure 1 shows typical examples of micropulsations I recorded at College, Alaska (gm. lat. 64S N). Geo· magnetic micropulsations appear in a wide frequency range. The top example is the so-called "pearl-type" micropulsation (recorded by the earth current meter). Such regular sinusoidal oscillations appear in periods between 0.3 and 4 sec, but most commonly 1 sec [Troitskaya, 1964] . The middle example is also a p earl-type mi c ropulsation with the period of order 4 sec . The bottom example is the so-called " giant pulsation" which attracte d th e atte ntion of many of the early workers in the field of geomagne tism [Rolf, 1931; Harang, 1936 and 1939; Sucksdorff, 1936] . One of the most charac teri s tic features of some of th e geomagne ti c mic ropul sation s is a sort of amplitud e modulation when they are shown in an amplitudetime record. Tepley and Wentworth [1962] showed by use of a sonagram technique that this amplitude modulation pattern in the amplitude-time record is produced by a series of overlapping wave trains of rising frequencies.
We know at present very little about the origin of geomagnetic micropulsations, except some of them generated apparently at the time of a sudden impact of intense solar plasma flow on the magnetosphere [Wilson and Sugiura, 1961] . One can reasonably infer that there must be fairly stable "oscillators" to generate such geomagnetic micropulsations which we now identify as hydromagnetic waves. The "oscillators" must be extremely stable; in an amplitudetime display, the periods of the pearl-type micropulsations are greatly concentrated at about 1 sec, and giant pulsations can last for almost 1 hour without changing period significantly (see fig. 1 ).
Such a remarkable stability has led one to infer that the wave frequencies are closely related to some basic physical quantities or to some stable geometries or to both [cf. Dungey, 1954b, c; Wentworth and Tepley 1962; Jacobs and Watanabe 1963] . Unfortunately, we are still far from a reasonable solution to the problem; howe ver, it seems very likely that most of such hydro magnetic waves are generated in the region beyond the ionosphere. As is clear from early studies [Hines 1953; Piddington 1956; Wantanabe 1957; Dessler 1959; Fejer 1960; Akasofu 1960; Francis and Karplus 1960; Karplus et aI., 1962] , the ionosphere acts as a sort of filter to such waves.
The ionosphere undergoes various changes including the daily, seasonal, storm-time variations. Thus, we record the waves on the ground through a filter of varying characteristics. The daily variation of char· acteristics of geomagnetic micropulsations recorded on the ground has been supposed to give some clue on their ongm or excitation mechanisms. It is obvious, however, that the filtering effects of the ionosphere on the waves must be re moved from records to obtain a be tter understanding of their daily character· istics. In this paper, the attentuation of hydromagnetic waves is examined for various ionospheric models, with particular attention to the daily variation of the ionosphere.
Model Ionospheres
Our main purpose here is to examine how various levels of the ionosphere affect hydromagnetic waves through their daily variation. Figure 2 shows the model ionsopheres used in this paper. The number indicated in each curve refers to the local time. The model examined by Prince, Bostick, and Smith [1964] is used as a typical noon profile (12) of the electron den· sity (their table 1). In the region between 90 and 200 km, the number of density of the electrons changes approximately with ~ (where X de notes the solarzenith angle) at about the geographic latitude of 45°. The change of the electron density beyond 200 km cannot be expressed in any simple way, so that the profiles are constructed by use of typical ionograms.
In ' addition to the above daily change, we examine effects of the sporadic E layer (Es). For this purpose, the electron density profile at midnight (0) is modified below 200 km to give a region of intense ionization centered at 110 km. This modifie d profile is referred to as "A".
In the above daily and sporadic variations of the ionosphere, it is assumed that the number density of the neutral atoms in the ionosphere remains constant. It has recently become clear that there exists an appreciable daily variation of the number density in the ionospheric region . In order to see an effect of the change in number density of neutral atoms on the i --- attenuation of hydromagnetic waves, the number density of the ne utral atoms at noon is simply increased te nfold, although suc h a large daily change is unlikely. The ratio of the number density of neutral particles at the period of sunspot maximum to that at the period of s unspot minimum may, however, be of this order. Thi s particular model ionosphere is referred to as "B".
Calculation of the Attenuation
In order to simplify the proble m, plane hydromag- -------------
gyrofrequency, respectively. The ionosphere may be treated as a ternary mixture composed of electrons and positive ions, together with neutral particles; it is assum ed that the mass M of both ions and neutral particles is the same and equal to the mean molecular mass. The mass density MN of neutral atoms is denoted by p in the dispersion equation. In the actual calculation, the ionosphere is approximated by a number of slabs of thickness 15 = 10 km in which all the quantities are uniform. Therefore, the complex wave number can be calculated in each slab. Since most of the attenuation takes place below 500 km in altitude, the amount of attenuation from the top of the ionosphere to a particular level of the ionosphere at height h may be given by the ratio of amplitude A of hydromagnetic waves at the particular level to that (A500) at a 500 km level, namely A/A500. It is given by
. 500 500 Figure 3 shows the distribution of A/A500 as a function of height for the waves of period 1 sec (or fre· quency 1 cis). As we shall see shortly, as far as the attenuation is concerned, the ionospheres at noon (12) and at 4 a.m. (4) can be taken to be the two extreme cases, the minimum occurring at 4 a.m. (just before sunrise at 200 km level) and the maximum, at noon.
--- Firs t of all, it is clear that th e attenuation takes place mostly below 250 km in altitude, both at noon and 4 a.m. Th e ionization in the F2 region does not seriously affect the a tte nu atio n. Wentworth [1964] took the F2 p eak io n de nsity as an index to examine th e ionosp heri c atte nuati o'1 of" mi cropulsations; the present calculati on shows tha t it may not be a good index to c hoose. Second, We note that at 4 a.m. a s ub s tantial portion of the wave e ne rgy for both the ordinary and e xtrao rdinary wa ves can penetrate through the ionosphere; thi s is bec ause the electron de nsity below 250 km at 4 a.m. is not large enough to seriously affect the wave propagation. It may be inferre d that this situation is also close enough for the polar ionosphere in winter. Dr. 1. H. Piddington, C.S. I.R.O ., has suggested this to me. Third, at noon, th e ordinary compone nt of the wave is far more seriously attenuated than the extraordinary component. B e lo w 60 km, th e a tt e nuation b eco m es almo~t negli gible.
The c urv e B s ugges ts that if th e number density of th e ne utral particles is increased by te nfold , both compon e nts of the wave can be very se ri ously attenuated . Therefore, if the re exists an inc rease of the numbe r densit y during daylight hours, th e atte nu a tion shown by the c urve 12 may be increased . The ll-yr. cycle variation of the occ urre nce frequency of some of the geomagnetic mi cropulsation may be du e partly to th e c han ge of th e ionization below 250 km and partly to a large inc rease of the numb er de nsity of the ne utral particles [see also Karplus e t aI., 1962] .
Th e ratio of th e amplitude of the waves at 60 km to that at 500 km , namely AsoIA50o, will give a fairly acc urate meas ure of the atte nuation of hydrom agnetic waves through the ionosphere. Figure 4 
s hows
AsoIA50o as a function of the period (sec) and frequency (c i s) of th e waves. For the ordinary co mpo ne nt, th e attenuation increases s teadily with decreasing period (or increasing frequency). Th e extraordinary co mpone nt shows, howe ver , a little maximum of the a b sorption at about a pe ri od of 1 sec; the attenuation then decre ases with inc reasing frequency to about 100 ci s. Above thi s freq ue ncy th e attenuation in creases s teadily, although thi s is not s how n in the figure. The slight in crease of the attenuation around th e period of 1 sec is not a univ er sal phe nome non (see below). The ionosphere is essentially transparent to the ex traordinary compo ne nt of hydro magnetic waves of periods betwee n 10 3 sec and 10-2 sec (or of frequ encies betw ee n 10-3 ci s and 10 2 cis) at 4 a.m. or in th e polar winte r condition . The spectrum of the extraordinary component of the waves obtained on the ground in the earl y mornin g may be essentially the same as that above the ionosphere. However, we cannot expect the ordinary compone nt of the waves of frequency above 20 ci s in any circumstance. Figure 5 shows also AsoIA50o as a func tion of period or frequency for the models A and B, toge the r with the curve 4 for compariso n. A heavy ionization in the E region can drasti cally alter the atte nuation condition (see the c urve A). The effect is more serious in th e higher frequ e ncy range, but not serious for the wav es of periods more than 10 3 sec. This situation may be particularly important in the auroral zone where an intense bombardment of the ionos phere by e nergetic particles occurs [ef. Heacock and Hessler, 1962; Campbell and Leinbach 1961] . Curve B is already di scussed in conn ection with figure 2. Figure 6 shows the calc ulated daily variation of Aso/A500 for th e waves of period s be twee n 1 sec and 10 3 sec. The attenuation of the waves during daylight hours is clearly seen over the e ntire period, particularly around the period of 1 sec_ Figure 7 shows a similar diagram for the frequency range between 1 cis and 10 2 c/s_
Discussion
It is clear that the daily variation of the ionosphere affects greatly the daily characteristics of geomagnetic micropulsations observed on the ground. The ionosphere behaves differently at different latitudes and in different seasons. These effects must carefully be taken into account, when the latitudinal and seasonal variations of geomagnetic micropulsations are discussed. 
